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VOLTAGE ADJUSTING CIRCUIT FOR
AMPLIFIER CIRCUIT AND METHOD
THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of priority to Patent
Application No. 102103032, filed 1n Taiwan on Jan. 25, 2013;
the entirety of which 1s incorporated herein by reference for

all purposes.
BACKGROUND

The disclosure generally relates to an amplifier circuit and,
more particularly, to the voltage adjusting circuit for the
amplifier circuit.

The awareness of the energy depletion has drawn people’s
attention to the energy efficiency of the electronic devices.
Moreover, as for smart phones, table computers and other
portable devices, the users always care about how long the
portable devices may operate before recharging. Improving,
energy elliciency may effectively prolong the battery time of
the electronic device. There are various ways to improve the
energy elficiency of the electronic devices, e.g., improving
the energy efficiency of the amplifier circuit commonly
adopted 1n the electronic devices.

The amplifier circuit 1s usually coupled between two fixed
voltage level (e.g., the voltage levels of the power supply and
the ground) for recerving power signals to generate the ampli-
fied output signal according to the mput signal. Because the
signal value of the mput signal may vary dynamically, the
signal value of the output signal varies accordingly and may
not be bounded 1n a fixed range. To prevent the output signal
from being bounded by the signal value(s) of the output
signal(s) and resulting 1n the signal distortion of the output
signal, the signal range of the output signal must be carefully
configured 1n a suitable range between the coupled voltage
levels.

If the signal range of the output signal 1s configured 1n a
smaller range, the difference between the output signal and
the power signal(s) 1s larger and the energy efficiency of the
amplifier circuit 1s poor. If the signal range of the output
signal 1s configured 1n a larger range, the difference between
the output signal and the power signal(s) 1s smaller and the
signal distortion of the output signal may easily occur when
the signal value of the output signal varies. The system per-
formance may therefore be mfluenced.

U.S. Pat. No. 7,830,209 disclosed a device and a method
for adjusting the power signal transmitted to the amplifier
circuit according the signal value of the output signal. How-
ever, when the impedance of the load of the amplifier circuit
or the signal value of the power signal(s) vary, the signal
distortion of the output signal and the energy efliciency still
may not be effectively improved with the proposed solution.

SUMMARY

In view of the foregoing, it may be appreciated that a
substantial need exists for methods and apparatuses that miti-
gate or reduce the problems above.

An example embodiment of a voltage adjusting circuit 1s
disclosed, configured to operably provide a first power signal
and a second power signal to an amplifier circuit so that the
amplifier circuit provides an output signal to a load according
to an 1nput signal, the first power signal and the second power
signal, comprising: a reference voltage generating circuit
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configured to operably configure the first power signal to be a
first signal value and configure the second power signal to be
a second signal value 1n a first time period; a subtractor circuit
coupled with the reference voltage generating circuit for gen-
erating a difference signal according to at least one of the first
power signal and the second power signal and according to
the output signal; a threshold generating circuit configured to
operably generate a {irst threshold signal; and a comparator
circuit coupled with the threshold generating circuit and the
subtractor circuit for comparing the first threshold signal and
the difference signal; wherein when the difference signal 1s
greater than the first threshold signal, the comparator circuit
configures the reference voltage generating circuit to config-
ure the first power signal to be a third signal value and con-
figure the second power signal to be a fourth signal value 1n a
second time period; the third signal value 1s less than the first
signal value; and the fourth signal value 1s greater than or
equal to the second signal value.

Another example embodiment of a voltage adjusting
method of an amplifier circuit 1s disclosed, for providing a
first power signal and a second power signal to the amplifier
circuit so that the amplifier circuit provides an output signal to
a load according to an mput signal, the first power signal and
the second power signal, comprising: 1n a first time period,
configuring the first power signal to be a first signal value and
configuring the second power signal to be a second signal
value by utilizing a reference voltage generating circuit; gen-
erating a difference signal by utilizing a subtractor circuit
according to at least one of the first power signal and the
second power signal and according to the output signal; gen-
erating a first threshold signal by utilizing a threshold gener-
ating circuit; comparing the first threshold signal and the
difference signal by utilizing a comparator circuit; and when
the difference signal 1s greater than the first threshold signal,
configuring the reference voltage generating circuit to con-
figure the first power signal to be a third signal value and
configure the second power signal to be a fourth signal value
in a second time period; wherein the third signal value 1s less
than the first signal value and the fourth signal value 1s greater
than or equal to the second signal value.

Another example embodiment of a voltage adjusting cir-
cuit 1s disclosed, configured to operably provide a first power
signal and a second power signal to an amplifier circuit so that
the amplifier circuit provides an output signal to a load
according to an input signal, the first power signal and the
second power signal, comprising: a reference voltage gener-
ating circuit configured to operably configure the first power
signal to be a first signal value and configure the second power
signal to be a second signal value 1n a {first time period; a
subtractor circuit coupled with the reference voltage gener-
ating circuit for generating a difference signal according to at
least one of the first power signal and the second power signal
and according to the output signal; a threshold generating
circuit configured to operably generate a first threshold sig-
nal; and a comparator circuit coupled with the threshold gen-
erating circuit and the subtractor circuit for comparing the
first threshold signal and the difference signal; wherein when
the difference signal 1s greater than the first threshold signal,
the comparator circuit configures the reference voltage gen-
erating circuit to configure the first power signal to be a third
signal value and configure the second power signal to be a
fourth signal value 1n a second time period; the third signal
value 1s less than or equal to the first signal value; and the
fourth signal value 1s greater than the second signal value.

Both the foregoing general description and the following
detailed description are examples and explanatory only, and
are not restrictive of the ivention as claimed.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a simplified functional block diagram of an
audio signal generating device according to one embodiment
of the present disclosure.

FIG. 2 shows a simplified functional block diagram of the
voltage adjusting circuit in FIG. 1 according to one embodi-
ment of the present disclosure.

FIG. 3 shows several simplified wavetorms of the signals
generated by the voltage adjusting circuit in FIG. 2 according
to one embodiment of the present disclosure.

FI1G. 4 shows several simplified waveforms of the signals
generated by the voltage adjusting circuit in FIG. 2 according
to another embodiment of the present disclosure.

FIG. 5 shows a simplified functional block diagram of the
voltage adjusting circuit in FIG. 1 according to another
embodiment of the present disclosure.

FIG. 6 shows several simplified waveforms of the signals
generated by the voltage adjusting circuit in FIG. 5 according
to one embodiment of the present disclosure.

DETAILED DESCRIPTION

Reference 1s made 1n detail to embodiments of the mven-
tion, which are 1llustrated in the accompanying drawings. The
same reference numbers may be used throughout the draw-
ings to refer to the same or like parts, components, or opera-
tions.

In the following description, the audio signal generating
device 100 1s utilized as an example to illustrate how to
improve the energy efliciency of the audio signal generating
device 100 by improving the amplifier circuit 120. FIG. 1
shows a simplified functional block diagram of an audio
signal generating device 100 according to one embodiment of
the present disclosure. The audio signal generating device
100 comprises an amplifier circuit 120 and a voltage adjusting
circuit 140 for providing an output signal Vout to a load 190
through the impedance circuit 180. For the purposes of con-
ciseness and clear explanation, some components and con-
nections of the audio signal generating device 100 are not
shown 1n FIG. 1. For example, the circuit for generating the
input signal Vin 1n the audio signal generating device 100 1s
not shown 1n FIG. 1.

The amplifier circuit 120 comprises a positive power sup-
ply terminal 121 and anegative power supply terminal 122 for
respectively recetving the first power signal Vdd and the
second power signal Vss, and generates the output signal Vout
according to the input signal Vin, the first power signal Vdd
and the second power signal Vss. The amplifier circuit 120
may be realized with the operational amplifier, the instrumen-
tal amplifier, the transconductance amplifier, etc.

For the purpose of clear explanation, the input signal Vin
and the output signal Vout of the amplifier circuit 120 are
illustrated as single-ended signals in this embodiment. In
other embodiments, the input signal Vin and the output signal
Vout may be respectively expressed as the single-ended sig-
nal or the differential signal.

The voltage adjusting circuit 140 adjusts the signal values
(c.g., the voltage value and the current value) of the first
power signal Vdd and/or the second power signal Vss accord-
ing to the output signal Vout so as to improve the energy
elficiency of the audio signal generating device 100 and to
prevent from the distortion of the output signal Vout.

In this embodiment, one or more circuit elements between
the audio signal generating device 100 and the load 190 are
illustrated as the impedance circuit 180 for the purpose of
conciseness. The impedance circuit 180 may comprise induc-
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tors, capacitors, resistors, passive circuit elements, active cir-
cuit elements, etc. for providing the filtering function or the
rectifying function. In other embodiments, the impedance
circuit 180 may be omitted according to different design
considerations. In other embodiments, the impedance circuit
180 may also be integrated in the audio signal generating
device 100.

In this embodiment, the load 190 may the earphones, the
speaker, the media player or other suitable audio output
device. In real applications, the user may change the ear-
phones or the speaker coupled with the audio signal generat-
ing device 100. Thus, the impedance of the load 190 may vary
from time to time.

FIG. 2 shows a simplified functional block diagram of the
voltage adjusting circuit 140 in FIG. 1 according to one
embodiment of the present disclosure. In the embodiment 1n
FIG. 2, the voltage adjusting circuit 140 comprises a refer-
ence voltage circuit 220, a subtractor circuit 240, a threshold
generating circuit 260 and a comparator circuit 280. For the
purposes of conciseness and clear explanation, some compo-
nents and connections of the voltage adjusting circuit 140 are
not shown 1n FIG. 2.

The reference voltage generating circuit 220 may be real-
1zed with the charge pump circuit, the bandgap circuit, the
current source circuit, the voltage source circuit, etc. for con-
figuring the first power signal Vdd and the second power
signal Vss to be the suitable signal values. For example, in one
embodiment, the first power signal Vdd may be configured to
be one of 5V, 4V and 2.5V, and the second power signal Vss
may be configured to be one of OV, 0.5V and 1.5V, In another
embodiment, the first power signal Vdd may be configured to
beone of 5V, 4V and 3V, and the second power signal Vss may
only be configured to be OV. In another embodiment, the first
power signal Vdd may only be configured to be 3V, and the
second power signal Vss may be configured to be one of 0V,
1V and 2V.

The subtractor circuit 240 1s coupled with the reference
voltage generating circuit 220 and the load 190 for generating
one or more difference signal dV according to at least one of
the first power signal Vdd and the second power signal Vss
and according to the output signal Vout. For example, the
subtractor circuit 240 may generate the difference signal dV
according to a first minimal difference between the first
power signal Vdd and the output signal Vout, according to a
second minimal difference between the second power signal
Vss and the output signal Vout, the minimal value of the first
minimal difference and the second minimal difference, etc. In
other embodiments, the subtractor circuit 240 may also pro-
vide two or more difference signals according to different
design considerations. The subtractor circuit 240 may be
realized with the comparator circuit, the error amplifier cir-
cuit, the suitable combination of active circuit elements and
passive elements, etc. for generating the difference signal dV.

The threshold generating circuit 260 may be realized with
the charge pump circuit, the bandgap circuit, the current
source circuit, the voltage source circuit, etc. for generating,
one or more threshold signal Vth. For example, the threshold
generating circuit 260 may be realized by storing the required
value of the threshold signal 1n the register for converting to
the required threshold signal Vth with analog-to-digital con-
verting circuit.

The comparator circuit 280 1s coupled with the threshold
generating circuit 260 and the subtractor circuit 240. The
comparator circuit 280 may generate the control signal V¢
according to the difference signal dV and the threshold signal
Vth for configuring the reference voltage generating circuit
220 to configure the first power signal Vdd and the second
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power signal V'ss to be suitable signal values. The comparator
circuit 280 may be realized with the circuit structure with a
positive gain, a negative gain or with a unity gain for gener-
ating the control signal Vc 1 the analog form and/or 1n the
digital form.

For example, in one embodiment, the threshold generating

circuit 260 generates a first threshold signal Vthl and a sec-

ond threshold signal Vth2. When the difference signal dV 1s
greater than the first threshold signal Vthl, 1t means the dii-
terence signal dV between the output signal Vout and the
power signal (e.g., the first power signal Vdd and the second
power signal Vss) 1s too large so that the energy elliciency of
the amplifier circuit 120 1s poor. Thus, the comparator circuit
280 generates the control signal Ve according to the differ-
ence signal dV and the first threshold signal Vth1 for config-
uring the reference voltage generating circuit 220 to decrease
the signal value of the first power signal Vdd and/or increase
the signal value or the second power signal Vss. The energy
eificiency may therefore be improved by configuring the first
power signal Vdd to be a lower signal value and/or configur-
ing the second power signal Vss to be a higher signal value.
When the difference signal dV is less than the second
threshold signal Vth2, 1t means the difference signal dV
between the output signal Vout and the power signal (e.g., the
first power s1ignal Vdd and the second power signal Vss) 1s too
small so that the output signal Vout 1s easily bounded by the
power signal and distorted. Thus, the comparator circuit 280

generates the control signal Ve according to the difference

signal dV and the second threshold signal Vth2 for configur-
ing the reference voltage generating circuit 220 to increase
the signal value of the first power signal Vdd and/or decrease
the signal value or the second power signal Vss. The distor-
tion of the output signal Vout may therefore be improved by
configuring the first power signal Vdd to be a higher signal
value and/or configuring the second power signal Vss to be a
lower signal value.

Moreover, 1n the above embodiments, the signal values of
the first threshold signal Vth1 and the second threshold signal
Vth2 may be configured to be the same or different.

FIG. 3 shows several simplified waveforms of the signals
generated by the voltage adjusting circuit 140 1n FIG. 2
according to one embodiment of the present disclosure. The
operation of the voltage adjusting circuit 140 1s further
explained below with FIGS. 1-3.

When the signal value of the output signal Vout provided to
the load 1s higher, the amplifier circuit 120 needs to increase
the current provided to the load by utilizing the first power
signal Vdd. Thus, the signal value of the first power signal
Vdd 1s decreased. When the signal value of the output signal
Vout provided to the load 1s lower, the amplifier circuit 120
needs to mcrease the current recerved from the load by uti-
lizing the second power signal Vss. Thus, the signal value of
the second power signal Vss 1s increased.

In the time period T1, the reference voltage generating
circuit 220 configures the signal value of the first power signal
Vdd to be a first signal value V1 and configures the signal
value of the second power signal Vss to be a second signal
value V2. The subtractor circuit 240 generates four signal
values d1,d2, d3 and d4 of the difference signal dV according
to the mmlmal difference between the first power signal Vdd
and the output signal Vout and according to the minimal
difference between the second power signal Vss and the out-
put signal Vout.

When the signal value d3 of the difference signal dV 1s
greater than the first threshold signal Vthl generated by the

threshold generating circuit 260, it means the difference sig-
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nal dV between the output signal Vout and the first power
signal Vdd 1s too large and the energy efficiency of the ampli-
fier circuit 120 1s poor.

In the time period 12, the reference voltage generating
circuit 220 configures the first power signal Vdd to be a third
signal value V3 and configures the second power signal Vss to
be a fourth signal value V4. Therefore, the signal values d5, d6
and d7 of the difference signal dV may be less than the first
threshold signal Vthl. Moreover, because the third signal
value V3 1s less than the first signal value V1 and the fourth
signal value V4 1s greater than the second signal value V2, the
voltage adjusting circuit 140 may generate the output signal
Vout according to the first power signal Vdd with a lower
signal value and the second power signal Vss with a higher
signal value. Thus, the energy elliciency of the amplifier
circuit 120 may be improved.

FIG. 4 shows several simplified wavelorms of the signals
generated by the voltage adjusting circuit 140 1 FIG. 2
according to another embodiment of the present disclosure.
The operation of the voltage adjusting circuit 140 1s further
explained below with FIGS. 1, 2 and 4.

In the time period S1, the reference voltage generating
circuit 220 configures the signal value of the first power signal
Vdd to be a first signal value V1 and configures the signal
value of the second power signal Vss to be a second signal
value V2. The subtractor circuit 240 generates three signal
values b1, b2, and b3 of the difference signal dV according to
the minimal difference between the first power signal Vdd
and the output signal Vout and according to the minimal
difference between the second power signal Vss and the out-
put signal Vout.

When the signal value b3 of the difference signal dV 1s less
than the second threshold signal Vth2 generated by the
threshold generating circuit 260, it means the difference sig-
nal dV between the output signal Vout and the first power
signal Vdd 1s too small and the output signal Vout 1s easily
bounded by the power signal and distorted.

In the time period S2, the reference voltage generating
circuit 220 configures the first power signal Vdd to be a fifth
signal value V5 and configures the second power signal Vss to
be a sixth signal value V6. Therefore, the signal values b4 and
d5 of the difference signal dV may be greater than the second
threshold signal Vth2. Moreover, because the fifth signal
value V5 1s greater than the first signal value V1 and the sixth
signal value V6 1s less than the second signal value V2, the
voltage adjusting circuit 140 may generate the output signal
Vout according to the first power signal Vdd with a higher
signal value and the second power signal Vss with a lower
signal value. Thus, the signal distortion of the output signal
Vout may be improved.

FIG. 5 shows a simplified functional block diagram of the
voltage adjusting circuit 140 in FIG. 1 according to another
embodiment of the present disclosure. FIG. 6 shows several
simplified waveforms of the signals generated by the voltage
adjusting circuit 140 1n FIG. 5 according to one embodiment
of the present disclosure.

In the embodiment 1n FIG. 5, 1n addition to the reference
voltage generating circuit 220, the subtractor circuit 240 and
the comparator circuit 280 1n FIG. 2, the voltage adjusting
circuit 140 1n F1G. 5 further comprises a load detection circuit
520, a counter circuit 540 and a threshold generating circuit
560. For the purposes of conciseness and clear explanation,
some components and connections of the voltage adjusting
circuit 140 are not shown 1n FIG. 5. In the embodiment 1n
FIG. 5, the reference voltage generating circuit 220, the sub-
tractor circuit 240 and the comparator circuit 280 may be
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realized with the same or similar structures 1n FIG. 2, and the
operations thereot are omitted for conciseness.

The load detection circuit 520 may be realized with digital
circuits, analog circuits or the combination thereot for detect-
ing the impedance value of the load. For example, the load
detection circuit 520 may utilize a current source circuit to

L] [y

transmit signals of several different frequencies to the load
190 and calculates the impedance of the load 190 accordingly.
Moreover, the threshold generating circuit 560 1s coupled
with the load detection circuit 520 for configuring the signal
value of the generated threshold signal according to the con-
figuration of the load detection circuit 520.

When the signal value of the output s1ignal Vout provided to
the load 1s higher, the amplifier circuit 120 needs to increase
the current provided to the load by utilizing the first power
signal Vdd. Thus, the signal value of the first power signal
Vdd 1s decreased. When the signal value of the output signal
Vout provided to the load 1s lower, the amplifier circuit 120
needs to increase the current recerved from the load by uti-
lizing the second power signal Vss. Thus, the signal value of
the second power signal Vss 1s increased.

When the impedance value of the load 190 1s smaller, the
variation of the signal values of the first power signal Vdd and
the second power signal Vss are larger. The curves 610 and
630 1n FIG. 6 respectively represent the wavetorms of the first
power signal Vdd and the second power signal Vss when the
impedance value of the load 190 1s smaller according to one
embodiment of the present disclosure.

When the impedance value of the load 190 1s larger, the
variation of the signal values of the first power signal Vdd and
the second power signal Vss are smaller. The curves 620 and
640 1n FI1G. 6 respectively represent the wavelorms of the first
power signal Vdd and the second power signal Vss when the
impedance value of the load 190 is larger according to one
embodiment of the present disclosure.

The voltage adjusting circuit 140 may utilize the load
detection circuit 520 to detect the impedance value of the load
190 and configure the threshold generating circuit 560 to
adjust the generated threshold signal(s) accordingly. For
example, when the impedance value of the load 190 1s less
than a first predetermined impedance threshold, the load
detection circuit 520 configures the threshold generating cir-
cuit 560 to output the first threshold signal Vthl and the
second threshold signal Vth2. When the impedance value of
the load 190 1s greater than a first predetermined impedance
threshold, the load detection circuit 520 configures the thresh-
old generating circuit 360 to output the third threshold signal
Vth3 and the fourth threshold signal Vth4. Moreover, the third
threshold signal Vth3 is less than the first threshold signal,
and the fourth threshold signal Vth4 1s less than the second
threshold signal Vth2. In another embodiment, when the
impedance value of the load is less than a second predeter-
mined impedance threshold (which 1s less than the first pre-
determined impedance threshold), the load detection circuit
520 configures the threshold generating circuit 560 to output

the fitth threshold signal VthS and the sixth threshold signal
Vth6. Moreover, the fifth threshold signal VthS 1s greater than
the first threshold signal, and the sixth threshold signal Vthé
1s greater than the second threshold signal Vth2.

When the impedance value of the load 190 1s smaller, the
variation of the signal values of the first power signal Vdd and
the variation of the second power signal Vss are larger. The
output signal Vout 1s easily bounded by the first power signal
Vdd and the second power signal Vss, which results 1n the
signal distortion. Thus, the load detection circuit 520 may
configure the threshold generating circuit 560 to increase one
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8

or more of the generated threshold signals to prevent from the
distortion of the output signal Vout.

When the impedance value of the load 190 is larger, the
variation of the signal values of the first power signal Vdd and
the second power signal Vss are smaller. The output signal
Vout 1s not easily bounded by the first power signal Vdd and
the second power signal Vss, and the signal distortion seldom
occurs. Thus, the load detection circuit 520 may configure the
threshold generating circuit 560 to decrease one or more of
the generated threshold signals to improve the energy effi-
ciency of the amplifier circuit 120.

In the embodiment 1n FIG. 5, the counter circuit 540 1s
conil gured to operably calculate the accumulated number that
the difference signal dV 1s greater than the threshold signal
and/or the accumulated number that the difference signal dV
1s less than the threshold signal for configuring the reference
voltage generating circuit 220 to adjust the first power signal
Vdd and/or the second power signal Vss. For example when
the accumulated number that the difference signal 1s greater
than the first threshold signal Vthl 1s greater than a predeter-
mined accumulation number, the counter circuit 540 config-
ures the reference voltage generating circuit 220 to decrease
the signal value of the first power signal Vdd and/or increase
the signal value of the second power signal Vss. In another
embodiment, when the accumulated number that the differ-
ence signal 1s less than the second threshold signal Vth2 is
greater than a predetermined accumulation number, the
counter circuit 340 configures the reference voltage generat-
ing circuit 220 to increase the signal value of the first power
signal Vdd and/or decrease the signal value of the second
power signal Vss.

In the above embodiments, each functional block may be
respectively realized with one or more circuit elements
according to difference design considerations. For example,
the amplifier circuit 120 and the voltage adjusting circuit 140
may be configured 1n the same integrated circuit element or
may be respectively realized with one or more integrated
circuit elements and/or discrete circuit elements.

In another embodiment, the counter circuit 540 may be
utilized 1n the voltage adjusting circuit 140 1n FIG. 2 for
configuring the reference voltage generating circuit 220 to
adjust the signal value of the first power signal Vdd and/or the
signal value of the second power signal Vss. In another
embodiment, the counter circuit 540 and relevant operations
may be omitted 1n the voltage adjusting circuit 140 1n FIG. 5,
and the comparator circuit 280 1s utilized to configure the
reference voltage generating circuit 220 to adjust the first
power signal Vdd and the second power signal Vss.

In the above embodiments, the voltage adjusting circuit
140 may also be configured to adjust only one of the signal
values of the first power signal Vdd and the second power
signal Vss, or to adjust both of the signal values of the first
power signal Vdd and the second power signal Vss.

In the above embodiments, the voltage adjusting circuit
may properly adjust the signal value(s) of the power signal(s)
transmitted to the amplifier circuit according the characteris-
tic of the output signal. Therefore, the energy efficiency of the
amplifier circuit and the signal distortion of the output signal
may be improved. Moreover, the voltage adjusting circuit
may adjust the signal value(s) of the power signal(s) trans-
mitted to the amplifier circuit according to the impedance of
the load and the calculation result of the counter circuit. Thus,
the energy elliciency and the signal quality of the output
signal may be further improved.

In the above embodiments, the voltage adjusting circuit
may configure the reference voltage generating circuit to
adjust the signal value(s) of the power signal(s) according the
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difference between the output signal and the power signal(s).
Thus, When the impedance of the load or the signal value of
the power signal vary, the voltage adjusting circuit may still
properly configure the reference voltage generating circuit so
that the energy efficiency and the signal quality of the output
signal may be still maintained.

Certain terms are used throughout the description and the
claims to refer to particular components. One skilled 1n the art
appreciates that a component may be referred to as different
names. This disclosure does not intend to distinguish between
components that differ in name but not in function. In the
description and 1n the claims, the term “comprise’ 1s used 1n
an open-ended fashion, and thus should be interpreted to
mean “include, but not limited to.” The phrases “be coupled
with,” “couples with,” and “coupling with” are intended to
compass any indirect or direct connection. Accordingly, 1f
this disclosure mentioned that a first device 1s coupled with a
second device, it means that the first device may be directly or
indirectly connected to the second device through electrical
connections, wireless communications, optical communica-
tions, or other signal connections with/without other interme-
diate devices or connection means.

The term “and/or” may comprise any and all combinations
of one or more of the associated listed items. In addition, the
singular forms “a,” “an,” and *“‘the” heremn are intended to
comprise the plural forms as well, unless the context clearly
indicates otherwise.

The term “voltage signal” used throughout the description
and the claims may be expressed 1n the format of a current 1n
implementations, and the term “current signal” used through-
out the description and the claims may be expressed 1n the
format of a voltage in implementations.

In the drawings, the size and relative sizes of some ele-
ments may be exaggerated or simplified for clanty. Accord-
ingly, unless the context clearly specifies, the shape, size,
relative size, and relative position of each element 1n the
drawings are illustrated merely for clarity, and not intended to
be used to restrict the claim scope.

Other embodiments of the mvention will be apparent to
those skilled in the art from consideration of the specification
and practice of the mvention disclosed herein. It 1s intended
that the specification and examples be considered as exem-
plary only, with a true scope and spirit of the invention indi-
cated by the following claims.

What 1s claimed 1s:

1. A voltage adjusting circuit, configured to operably pro-
vide a first power signal and a second power signal to an
amplifier circuit so that the amplifier circuit provides an out-
put signal to a load according to an input signal, the first
power signal and the second power signal, comprising:

a reference voltage generating circuit configured to oper-
ably configure the first power signal to be a first signal
value and configure the second power signal to be a
second signal value 1n a first time period;

a subtractor circuit coupled with the reference voltage gen-
erating circuit for generating a difference signal accord-
ing to at least one of the first power signal and the second
power signal and according to the output signal;

a threshold generating circuit configured to operably gen-
crate a {irst threshold signal; and

a comparator circuit coupled with the threshold generating
circuit and the subtractor circuit for comparing the first
threshold signal and the difference signal;

wherein when the difference signal 1s greater than the first
threshold signal, the comparator circuit configures the
reference voltage generating circuit to configure the first
power signal to be a third signal value and configure the
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second power signal to be a fourth signal value 1n a
second time period; the third signal value 1s less than the
first signal value; and the fourth signal value 1s greater
than or equal to the second signal value.

2. The voltage adjusting circuit of claim 1, further com-

prising:

a counter circuit coupled with the comparator circuit and
the reference voltage generating circuit for calculating
an accumulated number that the difference signal 1s less

than the first threshold signal;

wherein when the accumulated number 1s greater than a
predetermined accumulation number, the counter circuit
configures the reference voltage generating circuit to
configure the first power signal to be the third signal
value and configure the second power signal in the sec-
ond time period.

3. The voltage adjusting circuit of claim 1, wherein the
threshold generating circuit further generates a second
threshold signal and the comparator circuit compares the
second threshold signal and the difference signal; when the
difference signal is less than the second threshold signal, the
comparator circuit configures the reference voltage generat-
ing circuit to configure the first power signal to be a fifth
signal value and configure the second power signal to be a
s1xth signal value 1n a third time period; and the fifth signal
value 1s greater than the first signal value and the sixth signal
value 1s less than or equal to the second si1gnal value.

4. The voltage adjusting circuit of claim 1, further com-
prising:

a load detection circuit coupled with the threshold gener-
ating circuit for detecting an impedance value of the
load;

wherein when the impedance value of the load 1s less than
a first predetermined impedance threshold, the load
detection circuit configures the threshold generating cir-
cuit to provide the first threshold signal to the reference
voltage generating circuit; when the impedance of the
load 1s greater than the first predetermined impedance
threshold, the load detection circuit configures the
threshold generating circuit to provide a third threshold
signal to the reference voltage generating circuit; and the
third threshold signal 1s less than the first threshold sig-
nal.

5. The voltage adjusting circuit of claim 4, wherein the
impedance of the load 1s less than a second predetermined
impedance threshold, the load detection circuit configures the
threshold generating circuit to provide a fifth threshold signal
to the reference voltage generating circuit; the first predeter-
mined impedance threshold 1s greater than the second prede-
termined impedance threshold; and the fifth threshold signal
1s greater than the first threshold signal.

6. The voltage adjusting circuit of claim 2, wherein

a load detection circuit coupled with the threshold gener-
ating circuit for detecting an impedance value of the
load:;

wherein when the impedance value of the load 1s less than
a first predetermined impedance threshold, the load
detection circuit configures the threshold generating cir-
cuit to provide the first threshold signal to the reference
voltage generating circuit; when the impedance of the
load 1s greater than the first predetermined impedance
threshold, the load detection circuit configures the
threshold generating circuit to provide a third threshold
signal to the reference voltage generating circuit; and the
third threshold signal is less than the first threshold sig-
nal.
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7. The voltage adjusting circuit of claim 6, wherein the
impedance of the load 1s less than a second predetermined
impedance threshold, the load detection circuit configures the
threshold generating circuit to provide a fifth threshold signal
to the reference voltage generating circuit; the first predeter-
mined impedance threshold 1s greater than the second prede-
termined impedance threshold; and the fifth threshold signal
1s greater than the first threshold signal.

8. The voltage adjusting circuit of claim 6, wherein when
the impedance of the load 1s less than the first predetermined
impedance threshold, the load detection circuit configures the
threshold generating circuit to provide the second threshold
signal to the reference voltage generating circuit; when the
impedance of the load i1s greater than the first predetermined
impedance threshold, the load detection circuit configures the
threshold generating circuit to provide a fourth threshold
signal to the reference voltage generating circuit; and the
fourth threshold signal 1s less than the second threshold sig-
nal.

9. The voltage adjusting circuit of claim 6, wherein when
the impedance of the load 1s less than a second predetermined
impedance threshold, the load detection circuit configures the
threshold generating circuit to provide a sixth threshold sig-
nal to the reference voltage generating circuit; the first pre-
determined impedance threshold i1s greater than the second
predetermined impedance threshold; and the sixth threshold
signal 1s greater than the second threshold signal.

10. A voltage adjusting method of an amplifier circuit for
providing a first power signal and a second power signal to the
amplifier circuit so that the amplifier circuit provides an out-
put signal to a load according to an input signal, the first
power signal and the second power signal, comprising:

in a {irst time period, configuring the first power signal to be

a first signal value and configuring the second power
signal to be a second signal value by utilizing a reference
voltage generating circuit;

generating a difference signal by utilizing a subtractor

circuit according to at least one of the first power signal
and the second power signal and according to the output
signal;

generating a first threshold signal by utilizing a threshold

generating circuit;

comparing the first threshold signal and the difference

signal by utilizing a comparator circuit; and

when the difference signal 1s greater than the first threshold

signal, configuring the reference voltage generating cir-
cuit to configure the first power signal to be a third signal
value and configure the second power signal to be a
fourth signal value 1n a second time period;

wherein the third signal value is less than the first signal

value and the fourth signal value 1s greater than or equal
to the second signal value.

11. The voltage adjusting method of claim 10, further com-
prising;:

calculating an accumulated number that the difference sig-

nal 1s less than the first threshold signal by utilizing a
counter circuit;

when the accumulated number 1s greater than a predeter-

mined accumulation number, configuring the reference
voltage generating circuit to configure the first power
signal to be the third signal value and configure the
second power signal to be the fourth signal value in the
second time period.

12. The voltage adjusting method of claim 10, further com-
prising:

generating a second threshold signal by utilizing the

threshold generating circuit;
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comparing the second threshold signal and the difference
signal by utilizing the comparator circuit; and
when the difference signal 1s less than the second threshold
signal, configuring the reference voltage generating cir-
cuit to configure the first power signal to be a fifth signal
value and configure the second power signal to be a sixth
signal value 1n a third time period;
wherein the fifth signal value 1s greater than the first signal
value and the sixth signal value 1s less than or equal to the
second signal value.
13. The voltage adjusting method of claim 10, further com-
prising:
detecting an impedance value of the load by utilizing a load
detection circuit;
when the impedance value of the load 1s less than a first
predetermined impedance threshold, configuring the
threshold generating circuit to provide the first threshold
signal to the reference voltage generating circuit; and
when the impedance of the load 1s greater than the first
predetermined 1mpedance threshold, configuring the
threshold generating circuit to provide a third threshold
signal to the reference voltage generating circuit;
wherein the third threshold signal 1s less than the first
threshold signal.
14. The voltage adjusting method of claim 13, further com-
prising;:
when the impedance of the load 1s less than a second
predetermined impedance threshold, configuring the
threshold generating circuit to provide a fifth threshold
signal to the reference voltage generating circuit;
wherein the first predetermined impedance threshold 1s
greater than the second predetermined impedance
threshold, and the fifth threshold signal 1s greater than
the first threshold signal.
15. The voltage adjusting method of claim 11, further com-
prising:
detecting an impedance value of the load by utilizing a load
detection circuit;
when the impedance value of the load 1s less than a first
predetermined impedance threshold, configuring the
threshold generating circuit to provide the first threshold
signal to the reference voltage generating circuit; and
when the impedance of the load 1s greater than the first
predetermined impedance threshold, configuring the
threshold generating circuit to provide a third threshold
signal to the reference voltage generating circuit;
wherein the third threshold signal 1s less than the first
threshold signal.
16. The voltage adjusting method of claim 15, further com-
prising:
when the impedance of the load 1s less than a second
predetermined 1mpedance threshold, configuring the
threshold generating circuit to provide a fifth threshold
signal to the reference voltage generating circuit;
wherein the first predetermined impedance threshold 1s
greater than the second predetermined impedance
threshold, and the fifth threshold signal 1s greater than
the first threshold signal.
17. The voltage adjusting method of claim 15, further com-
prising:
when the impedance of the load 1s less than the first pre-
determined 1mpedance threshold, configuring the
threshold generating circuit to provide the second
threshold signal to the reference voltage generating cir-
cuit; and
when the impedance of the load 1s greater than the first
predetermined 1mpedance threshold, configuring the
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threshold generating circuit to provide a fourth threshold
signal to the reference voltage generating circuit;

wherein the fourth threshold signal 1s less than the second
threshold signal.

18. The voltage adjusting method of claim 15, further com-
prising;:

when the impedance of the load 1s less than a second
predetermined impedance threshold, configuring the
threshold generating circuit to provide a sixth threshold
signal to the reference voltage generating circuit;

wherein the first predetermined impedance threshold 1s
greater than the second predetermined i1mpedance
threshold and the sixth threshold signal 1s greater than
the second threshold signal.

19. A voltage adjusting circuit, configured to operably
provide a first power signal and a second power signal to an
amplifier circuit so that the amplifier circuit provides an out-
put signal to a load according to an input signal, the first
power signal and the second power signal, comprising;:

a reference voltage generating circuit configured to oper-
ably configure the first power signal to be a first signal
value and configure the second power signal to be a
second signal value 1n a first time period;

a subtractor circuit coupled with the reference voltage gen-
eratlng circuit for generating a difference signal accord-
ing to at least one of the first power signal and the second
power signal and according to the output signal;
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a threshold generating circuit configured to operably gen-

erate a first threshold signal; and

a comparator circuit coupled with the threshold generating

circuit and the subtractor circuit for comparing the first
threshold signal and the difference signal;

wherein when the difference signal 1s greater than the first

threshold signal, the comparator circuit configures the
reference voltage generating circuit to configure the first
power signal to be a third signal value and configure the
second power signal to be a fourth signal value 1n a
second time period; the third signal value 1s less than or
equal to the first signal value; and the fourth signal value
1s greater than the second signal value.

20. The voltage adjusting circuit of claim 19, wherein the
threshold generating circuit further generates a second
threshold signal and the comparator circuit compares the
second threshold signal and the difference signal; when the
difference signal 1s less than the second threshold signal, the
comparator circuit configures the reference voltage generat-
ing circuit to configure the first power signal to be a fifth
signal value and configure the second power signal to be a
s1xth signal value 1n a third time period; and the fifth signal
value 1s greater than or equal to the first signal value and the
sixth signal value 1s less than or equal to the second signal
value.
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